The granitoids of the Dipilto Batholith in northern Nicaragua range in composition from amphibole-biotite tonalite to cordierite-biotite and biotite granite. The petrographic and geochemical features indicate hybrid origin for the metaluminous granodiorite and tonalite (El Paraiso Suite). Dominant peraluminous granites (leucogranite dykes, Yumpali and La Piedra suites) represent a typical product of fractional crystallization of crust-derived melts. Tourmaline occurs as rare mineral in peraluminous granites of the Yumpali Suite (randomly distributed grains and quartztourmaline nodules), but is common in the younger leucogranite, pegmatite dykes and hydrothermal veins. Chemical variations (mainly X Fe and F) in tourmaline as well as in biotite are consistent with magmatic differentiation processes in granites and pegmatites. The presence of quartz-tourmaline hydrothermal veins indicates involvement of B-rich post--magmatic hydrothermal fluids at the final stage of the Dipilto Batholith evolution. Tourmaline chemistry evolved from Mg-rich schorl in peraluminous granites, to F-rich schorl-foitite in the hydrothermal veins. This evolutionary trend is typical of F-poor granite-pegmatite systems. In our contribution, we characterize a wide range of textural types of tourmalines related to Cretaceous peraluminous granites in the Dipilto Batholith, Nicaragua. These rocks are suitable for studying the behaviour of boron at various stages of granitic systems development: from magmatic crystallization to the subsolidus conditions.
Introduction
Tourmaline is a common accessory-to-minor mineral in peraluminous granitoids, pegmatites and associated hydrothermal veins. Its chemical composition depends on the origin and evolution of the parental magma or fluid phases (Henry and Guidotti 1985) . Tourmaline may have crystallized during the early magmatic evolution of granitic rocks (London et al. 1996) , through early subsolidus to hydrothermal conditions (e.g., Pichavant and Manning 1984; Sinclair and Richardson 1992; London and Manning 1995; London et al. 1996; Williamson et al. 2000; Dini et al. 2007) . Chemical zonality in tourmaline crystals of magmatic and hydrothermal origins is different (e. g., London 1999) . A number of studies have shown that there exists link between textural position and chemical composition of tourmalines in the granitic bodies (e.g., Sinclair and Richardson 1992; Broska et al. 1998; Kubiš and Broska 2005; Buriánek and Novák 2007) . Changes in tourmaline chemical composition primarily depend on many factors such as degree of fractionation of granitic melts, temperature and B content in the melt or fluids (London et al. 1996; London 1999) . Therefore, tourmaline can potentially be used in interpretation of the evolution of boron-rich magmatic
Geological setting
The Dipilto Batholith is situated at the Honduras-Nicaragua state border (Fig. 1a) . This area pertains to the eastern part of the Chortis Block (Eastern Chortis Terrane), which consists of slightly metamorphosed carbonate and siliciclastic sediments intruded by Cretaceous plutonic rocks (Ritchie and Finch 1985; Rogers 2003; Buriánek and Dolníček 2011) . The Eastern Chortis Terrane belongs to the rifted continental margin of the North American Plate developed during the Jurassic separation of the North and South American plates (e.g., Dengo 1969; Rogers 2003; Rogers et al. 2007) .
The NE-SW trending Dipilto Batholith (Fig. 1b) represents one of the largest plutonic bodies in the Eastern Chortis Terrane. The main part of this batholith is situated between the towns of Ocotal and Jalapa in northern Nicaragua. The modal composition of plutonic rocks ranges from diorites, granodiorites to granites with subordinated gabbros. The dominant rock types are porphyritic biotite granites to granodiorites (Yumpali Suite) locally with cordierite and/or tourmaline ( Fig. 2a-b) ; however, in NE part of batholith, biotite and amphibole-biotite granodiorites to tonalites (El Paraiso Suite) predominate. Boundaries between El Paraiso and Yumpali suites are transitional and interfingered. Medium-grained biotite to muscovite granites (La Piedra Suite) form small bodies inside the porphyritic biotite granites to granodiorites. Numerous tourmaline-bearing leucogranite, aplite and pegmatite dykes and small stocks occur in the Dipilto Batholith and within its metamorphic aureole. Radiometric dating indicates a Cretaceous intrusion age of the Dipilto Batholith (Zoppis-Bracci and Del Giudice 1961; Donnelly et al. 1990; Hodgson 2000) . The Rb-Sr wholerock age 140 ± 15 Ma (Donnelly et al. 1990 ) represents the best estimate of the emplacement age and K-Ar ages (110 ± 1.2 Ma on biotite and 115 ± 1.5 Ma on hornblende; Hodgson 2000) are interpreted as cooling ages.
This intrusive body is surrounded by a contact aureole several km wide. The country rock represents a metasedimentary sequence, interpreted as a metamorphosed lithological equivalent of the Jurassic Agua Fria Fm. (Viland et al. 1996) or a part of the Nueva Segovia Paleozoic metasedimentary sequences (Palacagüina Fm.; Zoppis-Bracci 1957; Figge 1966; Hradecký et al. 2005) .
The main host rocks are graphitic metapelites with layers of metapsammites. In addition, intercalations of metavolcanites, metaconglomerates, quartzites and calc-silicate rocks occur locally. Relics of sedimentary textures, such as lamination, bedding and/or positive gradation in metapsammitic layers in the western part of the studied area are often preserved. The contact-metamorphic assemblage is relatively simple: cordierite + biotite + graphite ± muscovite ± K-feldspar ± andalusite ± chlorite (Buriánek Rogers (2003) , Žáček and Hradecký (2005) , Rogers et al. (2007) , Buriánek et al. (2010), modified. and Dolníček 2011). Three main stages of ductile deformation were distinguished in the contact aureole of the Dipilto Batholith (Buriánek and Dolníček 2011) . The first deformation phase D 1 was related to low-grade regional metamorphism and was followed by D 2 accompanied by emplacement of the Dipilto Batholith at depths of c. 6 km. Deformation event D 3 formed subsolidus foliation in granitoids oriented ~ NNW-SSE with steep dip to the E-NE.
Analytical techniques

electron microprobe
Electron-microprobe analyses (EMPA) were performed by R. Čopjaková with the Cameca SX-100 instrument at the Joint Laboratory of Electron Microscopy and Microanalysis of Masaryk University and the Czech Geological Survey (Brno, Czech Republic). The measurements were carried out using a wave-dispersion mode under the following conditions: accelerating voltage of 15 kV, beam current of 10 nA for tourmaline, feldspar and mica, and 20 nA for garnet; beam diameter of 5 μm for tourmaline, feldspar and mica, and <1 μm for garnet. Natural and synthetic standards were used (Si, Al -sanidine, Mg -olivine, Fe -almandine, Ca -andradite, Mn -rhodonite, Ti -Ti-hornblende, Cr -chromite, Na -albite, K -orthoclase, P -apatite, F -topaz, Cl, V -vanadinite, Zn -gahnite, Cu -metallic Cu, Y -YAG). The raw concentration data were corrected using the method of Pouchou and Pichoir (1985) .
The empirical formulae of cordierite, feldspars and micas were recalculated to 18, 8 and 22 oxygen atoms, respectively, assuming that all Fe is present as Fe 2+ . The empirical formulae of tourmalines were calculated on the basis of 15 Y + Z + T cations; the O 2-content in the W-site was obtained from the charge-balanced formula (OH = 4 -F -W O apfu, B = 3 apfu). The garnet formulae were obtained on the basis of 12 oxygen atoms; the ferric iron contents were estimated based on charge balance and stoichiometry (Droop 1987) . The amphibole formulae were calculated on the basis of 23 oxygen atoms (Leake et al. 1997 ing the cation sum = 13 atoms without Ca, Na and K (13 eCNK). The abbreviations of the mineral names used in the text are taken from Kretz (1983) and Whitney and Evans (2010).
Whole-rock geochemistry
Twenty-two samples (3-4 kg) represent all the main petrogenetic types rocks of the Dipilto Batholith including 10 samples of tourmaline-bearing rocks (Tab. 1). Most whole-rock chemical analyses were carried out at Acme Analytical Laboratories, Vancouver, Canada. Majorelement oxides were determined by the ICP-OES method. Loss on ignition (LOI) was calculated from the weight difference after heating to 1000 ºC. The rare earth and other trace elements were analysed by INAA and ICP-MS following LiBO 2 fusion. The whole-rock chemical analyses 238, 248, 300, 361 were performed in the laboratories of the Czech Geological Survey in Prague Dempírová et al. 2010) . Because of differences in the analytical methods (Nb, Y, Zr and U were analysed by X-ray fluorescence; Sr, Ba, Cs, Rb, Zn, V and Ni by atomic absorption spectrometry and Co, Cr, Cu, Ga, Mo, Pb, Zn by optical emission spectrometry) only major oxides and some trace elements were used in this work. Geochemical data were recalculated and plotted using the GCDkit software package (Janoušek et al. 2006 ). The fractional crystallization in rocks of Dipilto Batholith was interpreted using a FC-AFC-FCA and mixing modeller (Ersoy and Helvacı 2010). Fractional crystallization trends were interpreted using crystal/melt partition coefficients for K-feldspar, plagioclase and biotite recommended for granite by Ersoy and Helvacı (2010) .
Petrography of plutonic rocks of the Dipilto Batholith
The Dipilto Batholith is a body about 130 km long and 40 km wide that crops out over several thousands of km 2 , consisting of four main igneous suites Buriánek et al. 2010 ; Fig. 2a-b ; Tab. 2):
(1) biotite and amphibole-biotite granodiorites to tonalites, which locally contain abundant mafic enclaves or bodies, (2) porphyritic biotite granites to granodiorites locally with cordierite and/or tourmaline, (3) mediumgrained biotite to muscovite granites, (4) leucocratic dykes and stocks (leucogranites to pegmatites).
Biotite and amphibole-biotite granodiorite to tonalite (el Paraiso Suite)
The El Paraiso Suite is exposed in NE-SW elongated body east of Jalapa and La Mia (Fig. 2a) . Dominant bio- (Fig. 3a) , occasionally porphyritic rocks. Volumetrically subordinated gabbros or diorites form stocks, up to 80 m in diameter, but mostly occur as elongated enclaves up to 30 cm long enclosed by granodiorites and tonalites of the El Paraiso Suite.
Tonalites to granodiorites consist of subhedral to euhedral plagioclase (35-49 vol. %), anhedral quartz (25-31 vol. %), perthitic K-feldspar (1-8 vol. %), biotite (8-14 vol. %) and amphibole (0-8 vol. %). K-feldspar (Or 92-96 Ab 4-8 ) is relatively homogenous whereas plagioclase frequently displays an oscillatory-zoned pattern (sometimes with resorption zones) and occasionally preserves boxy-cellular cores (An 27-54 ). Homogeneous biotite (X Fe = 0.53-0.54, IV Al = 2.41-2.45 apfu; Fig. 4a ) and slightly heterogeneous magnesiohornblende (Mg/ (Mg + Fe) = 0.55-0.61, Si = 7.13-7.41 apfu) are present. Accessory zircon, monazite and apatite mostly occur as small inclusions in biotite. The secondary minerals include clinozoisite, prehnite and muscovite partially replacing plagioclase cores.
Mostly subangular mafic enclaves (Fig. 3a) are randomly distributed in host rocks. They are medium-to fine-grained and occasionally porphyritic with microgranular structure. Their groundmass consists of plagioclase, biotite and amphibole with plagioclase megacrysts.
Medium-to coarse-grained amphibole and amphibolebiotite gabbro usually form small bodies, up to 50 m in diameter, composed of dominant magnesiohornblende (55-73 vol. %) and plagioclase (23-45 vol. %) with more or less continuously normally zoned cores (often surrounded by a resorption zone) and oscillatory-zoned rim (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) ). Subhedral to anhedral magnesiohornblende grains (Mg/(Mg + Fe) = 0.59-0.63, Si = 7.16-7.25 apfu) are locally replaced by actinolite. Subordinated, (0-4 vol. %), partially chloritized biotite (annite with X Fe = 0.53-0.54, IV Al = 2.41-2.48 apfu; Fig. 4a ) often contains small inclusions of amphibole. Epidote, clinozoisite and prehnite are secondary minerals.
Porphyritic biotite granites to
granodiorites locally with cordierite and/or tourmaline (Yumpali Suite)
The pinkish-grey porphyritic granites to granodiorites of the Yumpali Suite (Fig. 3b ) dominate western part of the Dipilto Batholith ( Fig. 2a-b Metamorphic xenoliths, which are occasionally present in the Yumpali Suite, vary widely in size (< 1 to 40 cm) and shape (rounded to angular and irregular). They are mostly represented by cordierite hornfelses and cordierite-rich restites. Xenoliths of calc-silicate rocks, amphibolites and biotite-plagioclase mafic microgranular enclaves are scarce. More than 90 % of all the observed enclaves in the Yumpali Suite are hornfels xenoliths. They exhibit characteristic fine-to medium- 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 
Leucogranites, aplites and pegmatites
Tourmaline to muscovite-biotite leucogranites, aplites and pegmatites form several cm to m thick dykes or small stocks up to 600 m in diameter intruded into all remaining igneous suites and metasediments in the roof pedants of the Dipilto Batholith (Fig. 3d) . Leucogranites are rich in subhedral quartz (30-38 vol. %) and perthitic K-feldspar (Or 89-91 Ab 9-11 ; 25-40 vol. %). Weakly normally zoned plagioclase (An 4-11 ; 20-25 vol. %) is partly altered to secondary muscovite. Biotite (up to 12 vol. %; X Fe = 0.67-0.69, IV Al = 2.64-2.67 apfu; Fig. 4a ) is frequently altered to chlorite. Muscovite (X Fe = 0.66-0.96, Si = 6.07-6.20 apfu) is rare. Anhedral tourmaline is concentrated in nodules, up to 4 cm in diameter (Fig. 3d) , or forms small subhedral grains disseminated in the rock occasionally associated with euhedral almandine-spessartine (Alm 47-67 Sps 30-52 Prp 1-2 Adr 0-1 Grs 0-1 ; grains up to 5 mm).
Medium-to coarse-grained pegmatites form dykes, up to 1 m wide, consisting of K-feldspar, albite, quartz and tourmaline ( Fig. 3e-f) , the latter forming euhedral columnar crystals (Fig. 3e) . Occasionally is present magmatic layering with K-feldspar crystals oriented perpendicular to the individual layers. Fine-grained aplites consist of K-feldspar, albite, quartz and biotite or tourmaline. The tourmaline usually occurs in nodules or nests, up to 3 cm in diameter.
Geochemistry of granitoids
Based on the R 1 vs. R 2 classification diagram (De la Roche et al. 1980) , studied rocks correspond to tonalite to granodiorite (El Paraiso Suite), granodiorite to granite (Yumpali Suite) and granite (La Piedra Suite) (Fig. 5a , Tab. 5). All the granitoids are calc-alkaline (Irvine and Baragar 1971; Fig. 5b ) and belong to the shoshonitic or high K-series (Peccerillo and Taylor 1976; Fig. 5c ). Binary plots (Fig. 6 ) display negative correlations of SiO 2 with CaO, FeO t , and MgO but positive correlations with K 2 O and Rb. Granitoids of the El Paraiso Suite (Tab. 5) are metaluminous (A/CNK = 0.93-0.97; Fig. 5d ) with low K 2 O/ Na 2 O (0.8-1.0) and MgO/FeO t (0.37-0.54) ratios. They are rich in FeO t , CaO, MgO and Sr ( Fig. 6 ; Tab. 6). The chondrite-normalized REE pattern (Boynton 1984 ; Fig. 7 ) of tonalite indicates enrichment in LREE (La N / Yb N = 3.3) and negative Eu anomaly (Eu/Eu* = 0.7). The chondrite-normalized REE pattern for the dioritic mafic microgranular enclave is relatively flat (La N /Yb N = 1.0) with a deep negative Eu anomaly (Eu/Eu* = 0.3). Gabbro is enriched in LREE (La N /Yb N = 4.2) and shows a positive Eu anomaly (Eu/Eu* = 1.2).
Rocks of the Yumpali (Tab. 5) and La Piedra Suites are subaluminous to slightly peraluminous (A/CNK = 0.95-1.17), with K 2 O/Na 2 O = 1.3-2.2 and MgO/FeO t = 0.13-0.32. In comparison with the rocks of the El Paraiso Suite (Fig. 8) , they exhibit slight enrichment in K, Ba, Rb, Th, La and Ce. The chondrite-normalized REE patterns ( Fig. 6 ; Tab. 6) of both suites indicate variable enrichment in LREE (La N /Yb N = 3.9-6.6) and negative Eu anomalies (Eu/Eu* = 0.2-0.5). Two samples of felsic tourmaline leucogranites (Tab. 5) have high contents of K 2 O (5.2-5.7 wt. %), with K 2 O/Na 2 O ratios of c. 1.9 and high A/CNK (1.30-1.34). Leucogranites are enriched in Rb, K and depleted in Sr, Nb, Ta, P, Hf, Zr, and Ti compared with the average upper continental crust (Fig. 8; Taylor and McLennan 1985) . These two samples exhibit various values of the fractionation indexes (e.g., TiO 2 , K/Rb). Typical are lower total contents of REE in comparison with granitoids of the Yumpali and La Piedra suites (37-101 vs. 160-211 ppm; Tab. 6). The decrease in Zr, REE and Th abundances from the Yumpali Suite to leucogranite (Fig. 8) is consistent with fractionation of accessory silicates and phosphates (e.g., zircon, monazite). The chondrite-normalized REE patterns of the leucogranites ( 
Textural and paragenetic types and chemical composition of tourmaline
Electron microprobe analyses (Tab. 4) revealed predominantly schorl-foitite tourmalines in the granitoids of the Dipilto Batholith (X Fe = 0.53-0.98, Na = 0.21-0.77 apfu). High contents of Al tot (≤ 7.04 apfu) and F (≤ 0.46 apfu) indicate the predominance of "oxy-foitite", oxy-schorl and fluorschorl components. All the microprobe analyses display low concentrations of Ti (≤ 0.17 apfu), Ca (≤ 0.13 apfu), K (≤ 0.02 apfu) and Mn (≤ 0.04 apfu). Five types of tourmaline were distinguished in the granitoids of the Dipilto Batholith and its contact aureole. 
Tourmaline nodules in granites of the Yumpali Suite (type I)
Tourmaline nodules are often concentrated at the contact of the Yumpali Suite granitoids with metamorphic rock and granodiorites-tonalites of the El Paraiso Suite. Anhedral to subhedral tourmaline commonly replaces albitic plagioclase and K-feldspar (Figs 8a-b, 9a-b) whereas oligoclase (An 27-39 ) is less affected and usually preserves euhedral to subhedral crystal shape (Figs 9b, 10a-b ).
In the central part, nodules are also present as skeletal fan-shaped aggregates of subhedral columns. Tourmaline (Fig. 11a-c) is present as Al-rich schorl (Al = 6.22-6.59 apfu, X Fe = 0.72-0.83, Na = 0.58-0.72 apfu) with relatively low contents of F (0.05-0.22 apfu). The grains mostly show chemically inhomogeneous cores with (Fig. 12a ).
Tourmaline in the leucogranite dykes (type II)
Tourmaline in the leucogranite dykes is present as disseminated subhedral columns up to 1 cm long or as anhedral grains inside small tourmaline nodules (up to 2 cm in diameter, Fig. 3d ). It displays higher contents of Al (6.60-6.87 apfu), range of X Fe (0.53-0.90) and Na (0.33-0.60 apfu) and lower content of F (0.00-0.16 apfu; Fig. 12b-c and Na contents and increase in Fe + Mg (Figs 10-11 ) is related to foitite substitution
coupled with the substitution of Fe for Mg (Mg Fe -1 ) (Fig. 12d) .
Tourmaline of pegmatite dykes (type III)
Pegmatite dykes contain euhedral or subhedral grains of disseminated tourmaline, up to 2 cm long (Fig. 3e) ally exhibits simple zoning (Fig. 10c) with a foitite-rich core (Al = 6.94-7.04 apfu, X Fe = 0.90-0.98, F = 0.00-0.12 apfu, Na = 0.44-0.57 apfu), and a thin schorl rim (Al = 6.86-6.91 apfu, X Fe = 0.91-0.98, F = 0.05-0.10 apfu, Na = 0.53-0.57 apfu). Tourmaline grains evolve towards more Na-rich and Al-deficient compositions with predominant substitution of X Na 1 Y (Fe + Mg) (Fig. 12a) .
Tourmaline of quartz veins (type IV)
Quartz veins, 1 to 50 mm thick, having sharp contacts with the metamorphic rocks and granitoids, locally contain small cavities or pockets with columnar to needle-like crystals of tourmaline (Fig. 3f) . Tourmaline often partly replaces plagioclase and K-feldspars of the surrounding granites of the Yumpali Suite. Sometimes, hydrothermal quartz with tourmaline crystals partly fills the miarolitic cavities in the pegmatites. Tourmaline (Al = 6.26-6.83 apfu, X Fe = 0.73-0.95, F = 0.23-0.46 apfu, Na = 0.51-0.77 apfu) displays oscillatory zoning (Fig. 10d ). An increase in F and Na towards rim (Na = 0.58-0.60 apfu) and no systematic variations in Al, Fe and Mg were observed (Fig. 11b-c) . Thin younger foitite rims are very rare (Al = 6.89-6.98 apfu, X Fe = 0.92-0.98, F = 0.00 apfu, Na = 0.21-0.43 apfu). The main substitution trend related to the increase in Na and Mg + Fe 2+ and decrease in Al and the X-site vacancy corresponds well to the substitu- (Fig. 12b-c) .
Tourmaline in the contact metamorphic aureole (type V)
Accessory tourmaline is also present in the andalusitecordierite schist in the contact aureole of the Dipilto 
Al Na (Fe,Mg) 1 1 Fig. 12 Diagrams illustrating substitution mechanisms in the tourmaline group minerals. a -Al vs. X-site vacancy; b -F vs. Na; c -Al vs. F; d -Mg vs. Fe (same symbols as in Fig. 11 ).
Batholith. Columnar crystals have alignment following the foliation and correspond to dravite (Al = 6.35-6.63 apfu, X Fe = 0.50-0.44, F = 0.00-0.01 apfu, Na = 0.46-0.63 apfu).
Discussion
Magmatic evolution of the Dipilto Batholith
The estimated P-T conditions in the contact aureole of the Dipilto Batholith (500-650 °C and ~ 0.2 GPa) as well as those calculated for the rocks of the El Paraiso Suite (630-730 °C and 0.1-0.2 GPa) indicate emplacement at a relatively shallow crustal level (c. 6 km; Buriánek and Dolníček 2011) . The Cretaceous Dipilto Batholith represents a petrographically and chemically heterogeneous granitoid body, which consists principally of four distinct suites of magmatic rocks (Tab. 2). The El Paraiso Suite tonalitesgranodiorites are metaluminous whereas Yumpali Suite is subaluminous to slightly peraluminous, and La Piedra Suite with leucogranitic dykes are strongly peraluminous. This petrographical variability is typical of calc-alkaline intrusions with a crustal-subcrustal hybrid origin (Castro et al. 1991) .
The El Paraiso Suite displays evidence of magma mixing and mingling of the crustal melt with the mantle-derived, basic magma. In terms of major-and trace-element compositions, the El Paraiso Suite plots systematically between the gabbro and the S-type granites of the Yumpali Suite. Textural evidence for magma mixing (e.g., Sparks et al. 1977; Gamble 1979; Hibbard 1991; Janoušek et al. 2004; Słaby and Martin 2008) is documented in plagioclase and mafic microgranular enclaves. More calcic, partially resorbed, weakly zoned cores (43) (44) (45) ) are preserved in most of the oscillatoryzoned andesine phenocrysts (An 32-41 ) in the tonalite and mafic microgranular enclaves. These cores are interpreted as relics of xenocrysts from a more mafic rock entrapped by the tonalitic magma due to magma mixing (Hibbard 1981; Turner and Campbell 1986; Hess 1989; Barbarin 1990; Janoušek et al. 2000; Castro 2001; Janoušek et al. 2004) . Magma mixing and mingling are also documented for cordierite-bearing granodiorites of the Yumpali Suite by the geochemistry (e.g., relative high content of Ni; Fig. 6 ) and petrography (presence of small biotite-rich mafic microgranular enclaves close to the gradual contact with El Paraiso Suite tonalite).
The chemical composition and mineralogy (e.g., cordierite, muscovite) indicate typically S-type signatures for granites of the Yumpali and La Piedra suites. Cordieriterich xenoliths are richer in Al-minerals (e.g., sillimanite, hercynite) and these rocks exhibit metamorphic textures typical of the restites from partial melting of the crustal rocks (e.g., Barbey 1991).
The variations in the Rb, K 2 O, CaO, FeO, MgO, TiO 2 and REE contents in the granitoids of the Yumpali and La Piedra suites suggest that the plagioclase, K-feldspar and biotite fractionation (probably together with ilmenite, accessory silicates and phosphates) played a significant role in the evolution of these rocks. The majority of the granites with high Rb/Sr ratios can be modelled by removing large proportions of a cumulate dominated by plagioclase and K-feldspar from the cordierite-biotite granite sample (D071, Fig. 13a ). Whole compositional spectrum could have been derived by up to 45% fractional crystallization Al values compared with biotite in peraluminous granites of the Yumpali and La Piedra suites (Fig. 4a) . Biotite from granites of the latter two suites mostly has higher F contents (0.08-0.13 apfu) than that in the other studied granitoids (tonalite 0.00 apfu, tourmaline granite 0.04-0.09 apfu; Fig. 4b ). Biotite has a strong tendency to recrystallize and the F values in the biotite are not a good monitor of F in the melts (Icenhower and London 1995) . However, the relatively low F contents in the biotite from all studied peraluminous granites indicate that Dipilto Batholith represents a F-poor granitic system. Igneous biotite continuously equilibrates with its host melt (Barbarin 2005) and thus can be used to monitor its evolution. Biotite in tourmaline granite dykes exhibits higher X Fe values compared with peraluminous granites of the Yumpali and La Piedra suites (Fig. 4a) . Increase in the biotite X Fe indicates progressive fractionation of the peraluminous melt (e.g., Villaseca and Barbero 1994) during final stages of the Dipilto Batholith formation.
Scarce appearance of tourmaline (Tab. 4) in dominant peraluminous granites of the Yumpali and La Piedra suites (tourmaline nodules, type I) and common occurrence of magmatic and/or hydrothermal tourmaline in pegmatite, leucogranite dykes and quartz-tourmaline veins (types II-IV), provide evidence for the formation of this mineral mainly during the late-magmatic to subsolidus evolutionary stages of the peraluminous granites in the Dipilto Batholith. Schorlitic tourmaline I is rimmed by foititic tourmaline (Fig. 11c ) with low contents of F, reflecting the hydrothermal stage of evolution of the tourmaline nodules (e.g., Henry et al. 2002) . Compared with schorlitic tourmaline from the nodules (I), the tourmaline from leucogranite dykes (II) exhibits lower contents of Na and F and higher Al. Tourmalines III from pegmatite dykes have similar or lower contents of Na and F than tourmalines from the leucogranite dykes (II). Their higher X Fe indicates a growth from a more fractionated granitic melt (e.g., Buriánek and Novák 2007) . The chemical composition of the tourmalines from the quartz veins (IV) with high contents of Fe, F and Na points to crystallization from highly fractionated hydrothermal fluids .
Chemical composition of tourmaline evolved from Mg-rich schorl (rare foitite) in peraluminous granite nodules, through schorl-foitite in the pegmatite to F-rich schorl-foitite in the hydrothermal veins (Fig. 11a-c ). This evolutionary trend is different from other F-rich granite systems (Fig. 11a) previously published from many localities (Sinclair and Richardson 1992; Buriánek and Novák 2007; Kubiš and Broska 2010). 7.3. evolution of boron-rich melt in the Dipilto Batholith
Rare tourmaline is present in the peraluminous granitoids of the Yumpali Suite and common in the younger leucogranites, pegmatites and quartz dykes spatially and genetically related to the Yumpali Suite. The distribution of tourmaline suggests that the parental peraluminous melt was boron-undersaturated during most of its crystallization because the majority of the granites and granodiorites of the Yumpali Suite are tourmaline-free. At the same time, the activities of B, Al, Fe, Mg and Ti are essential in controlling the formation and separation of the boron-rich granitic melt (e.g., Pesquera et al. 2013) . For example crystallization of tourmaline in peraluminous granite requires a high content of boron (1-4 wt. % B 2 O 3 in melt at ~750 °C, Wolf and London 1997) . Formation of tourmaline nodules marked the initial stages of the boron saturation from melts during the crystallization of peraluminous granites of the Yumpali Suite. Boron enrichment caused depolymerization of the some domains in the parental melt and decreased its density, viscosity, liquidus and solidus temperatures (London et al. 1996; Wolf and London 1997; Kubiš and Broska 2005) . Hence tourmaline nodules grew from bubbles of such an immiscible volatile-rich melt (e.g., Veksler and Thomas 2002; Veksler et al. 2002; Thomas et al. 2003; Veksler 2004, Balen and Petrinec 2011) . Tourmaline in the central part of the nodules sometimes forms fan-shaped aggregates, which are typical of magmatic crystallization (Perugini and Poli 2007) . However, tourmaline partially replaced rock-forming minerals (e.g., plagioclases and albitic perthites in the K-feldspar; Figs 8a-b, 9a) in the external part of the nodules. These features indicate the formation of tourmaline under a wide range of conditions from late magmatic crystallization to the subsolidus stage (see e.g., Sinclair and Richardson 1992; Buriánek and Novák 2004; Trumbull et al 2007; Balen and Broska 2011; Balen and Petrinec 2011) .
Tourmaline nodules are often concentrated in the narrow zones in granitoids of the Yumpali Suite that are approximately perpendicular to the contact with the metamorphic aureole. Such a spatial distribution of the nodules may be related to the thermal contrast (Johannes and Holtz 1996) between the cooler, fluid-rich peraluminous granitic melt of the Yumpali Suite (Fig.  13b) and the more mafic melt of the El Paraiso Suite with higher solidus temperature (Wyllie 1977; Schmidt and Thompson 1996) . Magma convection caused by this thermal gradient perhaps resulted in movement of bubbles of overheated peraluminous water-and/or boron-rich melts forming spheres in order to decrease surface tension (Shinohara and Hedenquist 1997) . These individual bubbles buoyantly rose to the top of the magma body. The low viscosity and density of the B-rich hydrous melt enhanced the mobility in the highly polymerized dominant peraluminous melt and the formation of narrow zones of tourmaline nodules (Trumbull et al 2007; Balen and Petrinec 2011) .
Second stage of boron saturation was related to formation of fluid-rich residual melt. The younger pegmatite and leucogranite dykes represented final-stage fractional crystallization of the Yumpali Suite peraluminous granites. Two studied leucogranites exhibit different degrees of magmatic fractionation (Figs 6, 12a) . The sample of evolved leucogranite contains the lowest TiO 2 (0.03 wt. %), Sr (20 ppm) and Ba (96 ppm) contents in the dataset; in contrast, the second sample has the same composition as the host granites of the Yumpali Suite. Wide range of tourmaline chemical compositions (e.g., X Fe = 0.53-0.98) also indicates a variable degree of magmatic fractionation in leucogranite and pegmatite dykes.
Subsequently, fluorine-rich schorl to foitite in quartz veins crystallized from B-and F-rich hydrothermal fluids. On the other hand, euhedral tourmaline in coarse-grained pegmatite grew directly from the residual boron-rich melt, together with other rock-forming minerals (e.g., feldspars or biotite) and is relatively F-poor. These differences between the hydrothermal and magmatic tourmaline probably reflected the distribution of F between the micas (Fig. 4b ) and the tourmaline in the pegmatite, because the experimental data show that the F is concentrated in the granitic melt relative to the coexisting fluid (Xiaolin et al. 1998 ).
Conclusions
The Cretaceous Dipilto Batholith is composed of four main suites: (1) biotite and amphibole-biotite granodiorites to tonalites (El Paraiso Suite), (2) porphyritic biotite granites to granodiorites sometimes with cordierite and/or tourmaline (Yumpali Suite), (3) medium-grained biotite to muscovite granites (La Piedra Suite), (4) leucogranites and pegmatites. The petrographic and geochemical features suggest that the parental magmas of the El Paraiso and Yumpali suites were emplaced simultaneously. Textural and chemical data provide evidence for magmamixing processes mainly in the El Paraiso Suite. Granites La Piedra and Yumpali suites together with dykes of leucogranites and pegmatites represent typical products of a fractional crystallization of crustally derived melts.
The distribution of tourmaline nodules in the prevailing cordierite-biotite to biotite granites was strongly affected by magma convection triggered by the thermal contrast between the granitoids of the Yumpali and El Paraiso suites. Tourmaline in nodules grew under conditions transitional between those of the boron-rich melt and hydrothermal fluids; it partially replaces the earlycrystallized feldspars. Individual nodules are interpreted as pockets of boron-rich melt without significant magmatic fractionation. In contrast, the dykes of pegmatites and leucogranites are a result of variable degrees of the granitic melt fractionation.
Evolution of the tourmaline chemical composition reflects crystallization from melt and fluids generated in the F-poor granite system. 
2+
-1 Y F -1 . The described tourmaline samples record at least two stages of B-rich melt formation during the crystallization of the peraluminous granites of the Dipilto Batholith. The first stage corresponded to crystallization of tourmaline nodules in the cordierite-biotite to biotite granites of the Yumpali Suite. Tourmalines in this closed system evolved from Mg-rich schorl to foitite. Relatively variable F, Al, X Fe (0.72-0.83) contents are typical.
Second stage of boron-rich melts formation represented leucogranite and pegmatite dykes as the product of Yumpali and La Piedra suites fractional crystallization. Increasing degrees of residual melt fractionation are indicated by the chemical composition of leucogranites (e.g., Sr and Ba decrease and Rb increases) and also by the tourmaline chemistry (e.g., X Fe = 0.53-0.90). Disseminated tourmaline (schorl to foitite) in pegmatites, with high X Fe (0.90-0.98), Al (6.86-6.91 apfu) and low F (0.00-0.12 apfu), crystallized during the final magmatic stage.
The second stage magmatic crystallization was terminated by the formation of hydrothermal quartz-tourmaline veins, which filled the cracks in the granites and surrounding metamorphic rocks. Oscillatory-zoned, F-rich schorl to foitite is characterised by variable but usually high X Fe (0.73-0.95) and high F (0.23-0.46 apfu), which increase at the expense of Na. Tourmaline chemical compositions in the pegmatite and hydrothermal veins evolve from schorl through F-rich schorl to foitite. This trend reflects fractionation of the residual granitic melt and subsequent hydrothermal fluids. thors wish to thank P. Uher and an anonymous reviewer for critical reviews of the manuscript. M. Štulíková is thanked for revising the English. Last but not least, the careful editorial handling by M. Novák and V. Janoušek helped us to improve the readability of the text.
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